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In t-channel it is an exchange with quantum numbers of vacuum

P P P P
h(\'> -
P P P P
Non Pert. QCD PQCD picture
RHIC AGS Users Meeting Wiodek Guryn

June 24, 2005 BNL



Physics Processes |l

—_— — —
2 2 2 2
Q2 22
2222 s6839
2.2 2.9
2 2 2.9
2.9 9.9
— -

Gluon Ladders
Gluonic Exchanges

These processes are mediated by gloun rich exchanges
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Elastic and Inelastic Processes

_ _ Single Diffraction
Elastic Scattering

p p . .

P P @ . - For each proton vertex one has
" N . t four-momentum transfer
P Jd | &=Ap/p

p p 0 n M, invariant mass

In terms of QCD, Pomeron exchange consists of the exchange of a color singlet
combination of gluons. Hence, triggering on forward protons at high (RHIC)
energies predominantly selects exchanges mediated by gluonic matter.
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p(d)A Scattering

Single Diffraction

p p

X« . :

p(A) 0 n

1. Study dependence on A and beam polarization of inclusive diffraction in
p(d)A— pA.

2. Due to spectator effects in deuteron Nucleus collisions dA—pX the p-

spectrum of the outgoing proton shows a clear diffractive pattern because
of the absorption of the center of incoming wave [B.K.].

3. One can also study the size of the rapidity gap in the same reaction, where
the size of the "rapidity gap" reflects the different contributions of various
Fock configurations of the proton that scatters through the color field of the
nucleus [R.V.].
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Central Production in DPE

Central Production

p p 0
P .
X
lP L ) .
p p 0 n

In the double Pomeron exchange process each proton “emits” a Pomeron and
the two Pomerons interact producing a massive system M.

The massive system could form resonances or consist of jet pairs. Because of
the constraints provided by the double Pomeron interaction, glueballs, and other
states coupling preferentially to gluons, will be produced with much reduced
backgrounds compared to standard hadronic production processes.
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Glueball Central Production in DPE

Central Production

P p 0 7

The idea that the production of glueballs is enhanced in the central region in
the process pp — pM,p was first proposed by F.Close and was demonstrated
by WA102 expt.

The pattern of resonances produced in central region depends on:
dP; =| Ky — sz‘

When dP; > Aqcp qq states are prominent and when dP- is small the surviving
resonances include glueball candidates.
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Implementation at RHIC

Need detectors to tag forward protons and detector with good acceptance and
particle ID to measure central system
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Roman Pots of pp2pp and STAR
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Acceptance Studies SDD

| Acceptance at different £ for 3 -t ranges |
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Acceptance Study DPE
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Reconstruction of the Momentum Loss &

1. Need to measure vector at the detection point, hence two RPs are
needed on each side of STAR.
2. For a proton, which scatters with ® and ¢ we have:

X, =a,X,+L,0, +7n&; detection point1
X, =a,X,+ L,0®, +7,&; detection point 2 < Accelerator transport

(®szi[ My — T J(Xl_alxoj
& Det\-L,; —L; AX,—a,X,
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Running Scenario for Phase |

Important conditions:
* One event in the TPC per proton pair in RPs = “low luminosity”;
* Alignment is very important = use elastic events;
* Need to reach small t and ¢ values = large *=20m.

Hence a dedicated three-day run is preferable

The setup time of the 3*=20 m optics is estimated to be 12 hours.

With 40 hrs data taking, luminosity 2x102° cm-2sec’ = 2-10° DPE events.
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Summary

The physics program of tagged forward protons with STAR at RHIC can:

1. Study standard hadron diffraction both elastic and inelastic and its spin
dependence in unexplored t and Vs range;

2. Study the structure of color singlet exchange in the non-perturbative regime
of QCD.

3. Search for central production of light and massive systems in double
Pomeron exchange process - glueballs.

4. Search for an Odderon - an eigenstate of CGC.

5. At RHIC Il one would take advantage of smaller TPC, include more
coverage to better characterize rapidity gaps.

Those studies will add to our understanding of QCD in the non-perturbative
regime where calculations are not easy and one has to be guided by
measurements.

There is a great potential for important discoveries

RHIC AGS Users Meeting Wtodek Guryn 14
June 24, 2005 BNL



Proton Trajectory

V,=28.73 v, =29.72 ]3* =20.056 FILE = optics/rhbluepp2pp.optics
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